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Introduction
　The mechanisms by which cancer invasion occurs are 
poorly understood, but one of the requirements is 
enhancement of cell motility.  Although cell motility is 
regulated by several factors, it is considered that the 
bundling actin cytoskeleton directly contributes to cell 
motility1―3.  Alpha actinin is thought to be an actin-
bundling protein.  So far, in the alpha actinin family 
four isoforms have been isolated at the gene level4―7.  In 
fact, actinin-1, which is a non-muscle isoform, was 
believed to be cross-linked actin filaments and to 
connect the actin cytoskeleton to integrin of the cell 
membrane8―11. 　Recently, actinin-4 was newly identi-
fied as a non-muscle isoform of the actinin family by 
Honda et al using the monoclonal antibody NCC-Lu-
6327.  It was shown that the localization of actinin-4 
was different from the distribution of actinin-1 in 
cancer cell lines.  Unlike actinin-1, actinin-4 was not 
localized to focal adhesion plaques or adherence 
junction.  Its cytoplasmic localization was closely 
associated with enhanced motility of cancer cells and 
poor outcome of patients with breast cancer.  The 
subcellular localization of actinin-4 might therefore 
predict the metastatic potential of human cancer7.  In 
addition, Kaplan et al presented evidence that mutation 
in the gene encoding actinin-4 causes an autosomal 
dominant form of focal segmental glomerulosclerosis
（FSGS） .  These mutations in actinin-4 showed more 
affinity to actin filaments than wild type of actinin-
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412―14.  On the other hand, even after successful removal 
of a primary cancer by surgery in oral squamous cell 
carcinoma, recurrences often develop at the cervical 
lymph nodes, the lung and other distant sites15，16.  The 
detailed molecular mechanisms of invasion are also 
poorly understood in oral squamous cell carcinoma.  In 
the present study, we focused on cell motility to clarify 
the mechanism of invasion of oral squamous cell 
carcinoma from the point of regulation for actin 
cytoskeleton.  To elucidate these mechanisms in oral 
cell carcinoma, we established two cell lines, which had 
different invasive phenotypes each, from the Ca-9-22 
Boyden chamber assay.  We examined the subcellular 
distribution and the protein expression of actinin-4 
using these cell lines.
Materials and methods
1. Cell Culture
　The human oral squamous cell carcinoma cell line, 
Ca-9-22, was obtained from the Japanese Collection of 
Research Bioresources（JCRB, Tokyo Japan） .  This cell 
line was cultured in RPMI 1640 with 10％ FCS.
2. Boyden Chamber Assay（Cell Invasion Assay）
　We performed the Boyden Chamber Assay using a 
MatrigelTM Invasion Chamber kit（Becton Dickinson, 
Franklin Lakes, New Jersey） .   There are small pores 8 
µm in diameter in the membrane of the MatrigelTM 
Invasion Chamber, and the extracellular matrix（colla-
gen, laminin, fibronectin）is coated on the surface as the 
basement membrane.  CA-9-22 cells（1× 104 cells）were 
added to the upper chambers, and the chambers were 
placed in 24-well dishes containing the medium with 
10％ FCS.  Migration assays were carried out for 72 
hours and membranes were then fixed with 3.7％ 
formaldehyde in PBS.  The migrating cells were stained 
by Gimeza stain.  The cells were photographed by 
microscopy, and the migrating cells were counted for 
quantification of cell migration17.  The number of cells 
per field at a magnification of X 100 was counted and 
compared with the number of infiltrated cells.
3. Antibodies
　Mouse monoclonal anti-actinin-4 antibody NCC-Lu-
632 was a generous gift from Dr. T. Yamada, National 
Cancer Center Research Institute7.  Rabbit polyclonal 
antibody, IG701, was purchased from ImmunoGlobe 
GmbH.  Mouse monoclonal anti-actinin-1 antibody, 
BM75.2 was purchased from Sigma（St. Louis Missouri）.
4. Immunofluorescence Microscopy
　Cells were cultured on glass cover slips, fixed with 
4 ％ paraformaldehyde, and made permeable with 0.2％ 
Triton X-100.  After incubation with antibodies over 
night, actinins were detected with anti-mouse IgG or 
anti-rabbit IgG Alexa Flor 594（Molecular Probes） . 
Actin filaments were visualized with Alexa Flor 488 
phalloidin（Molecular Probes） , and the cells were 
examined with a 2000 MP Bio-Rad Radiance microscope
（Bio-Rad, Alfred Nobel Drive Hercules California） .
5. Extraction of Cell Lysate and Western Blot 
Analysis
　Cells were extracted with lysis buffer（10 mM Hepes, 
pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 ％ Triton X-100, 
1 ％ NP-40, 1 mg/ml NaN3, 1 mM PMSF, 1 μ g/ml 
leupeptin, 1μ g/ml pepstatin A）on ice for 30 min before 
centrifugation（12,000 g, 15 min） .  Cell lysates（25μ g 
protein）were separated by SDS-PAGE18 and trans-
ferred to Hybond-polyvinyl difluoride membranes
（Amersham International, Buckinghamshire UK） 7，19. 
After incubation with antibodies at 4 ºC overnight, the 
blots were evaluated using a horseradish peroxidase-
conjugated anti-mouse IgG＋ IgM（IBL, Fujioka Japan）
and ECL Western blotting detection reagents（Amer-
sham International） , as instructed by the manufactur-
ers.
Results
1. Establishment of two different cell lines from 
Ca-9-22
　To elucidate the detailed invasive mechanisms in oral 
squamous cell carcinoma, we established invasive 
models by separating two different invasive phenotypes 
from Ca-9-22 through invasion assay. Ca-9-22 celles（1×
104 cells）were placed on the upper chamber, and 72 
hours later the cells which passed through the 
membrane and the cells which remained on the 
membrane were collected separately. The collected cells 
were cultured for three days, and the number of cells 
increased sufficiently.  Cell invasion assay was repeated 
in the same manner.  From the results of the procedures 
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repeated three times, the cells which passed through 
the membrane three times were regarded to be of the 
high-motility phenotype（designated HI type） , and the 
cells which did not pass through the membrane three 
times and remained on the membrane to be of the low-
motility phenotype（designated LI type） .  We identified 
two cell lines, with differential phenotype from the 
parent cell line of Ca-9-22 by this method.
2. Cell growth and invasive phenotype of HI and 
LI cell lines
　To confirm that the results of the cell invasion assay 
were not caused by a different growth rate between the 
HI and LI types, we examined the growth rate of the HI 
and LI types under the same conditions before any 
further investigations.  The cultured cells of each cell 
lines were collected 6, 12, 24, 48, 72, 96, and 120 hours 
after initiation of culture by trypsin EDTA.  The growth 
curves were not significantly different between the HI 
and LI types（Fig. 1） .  To examine the details of the 
invasive phenotypes of the HI and LI types, we carried 
out invasion assays in 11 pairs each of the HI and LI 
types.  72 hours later, those cells were fixed and 
stained.  These assays showed that invasion was 
observed significantly more in the HI type than the LI 
type（p＜ 0.0001, Fig. 2, Fig. 3） .
3. Morphological observation under phase-con-
trast microscopy
　To determine the morphological difference between 
HI and LI type cells, we observed these cell lines under 
a phase-contrast microscope.  Phase-contrast micros-
copy showed that morphological differences were 
distinctly recognized between the HI and LI types.  In 
the HI type, the cells had a large number of sharply 
extended cell processes, and dominantly formed sharp 
spindles（Fig. 4, A）. On the other hand, the cells of the 
LI type mainly formed clusters of cells, and tight cell-
cell contact was observed（Fig. 4, B） .
4. Subcellular localization of actinins under 
immunofluorescence microscopy
　Confocal immunofluorescence microscopy revealed 
that actinin-4 was mainly localized with actin stress 
fibers and sharply extended cell processes.  In the HI 
type, actinin-4 was especially concentrated in sharply 
extended processes, which were thought to be fronts of 
cell migration（Fig. 5, arrow head） .  In the LI type, the 
subcellular distribution of actinin-4 was different from 
that of the HI type.  Actinin-4 was diffusely observed in 
the cytoplasm（Fig. 5, D） .  On the other hand, actinin-1 
was particularly stained intensely at focal adhesion 
plaques（Fig. 6, arrow） .  Cellular protrusions were 
dominantly observed in HI type cells in comparison 
with LI type cells.  There were differences in subcellar 
localization between actinin-4 and actinin-1.
5. Protein expression of cytoskeletal actinin 
isoforms
　Immunoblot analysis revealed that the protein-
expressing level of actinin-4 and actinin-1 was almost 
equivalent（Fig. 7） . 
Discussion
　For infiltrative growth and distant metastasis of 
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Fig. 1　Growth rate of the HI and LI cell lines.
The growth rate was not significantly different between 
the HI type and LI type.
Fig. 2　The number of cells per field was counted and 
compared with the number of infiltrated cells.
More invasion was seen in the HI type than the LI type 
（P＜ 0.0001） .
cancer cells, several steps are thought to be required 
which are caused by interaction between cancer cells 
and the surrounding normal tissues or immunological 
defense reaction, including adhesion of these cells to 
basement membrane, destruction of components of the 
membrane, cell motility through the membrane, 
infiltration into interstitium, invasion into blood 
vessels, and settlement in distant tissues20―23.
　In this study, we established a cell line with higher 
motility（HI type）and a cell line with lower motility
（LI type）using the Boyden Chamber assay through 
several repeated subcultures, from Ca-9-22, which is 
oral squamous cell carcinoma.  Counts of the number of 
cells which had infiltrated revealed that significantly 
more HI type cells infiltrated than LI type cells（p ＜
0.0001） .  The morphological features of the cell lines 
were examined by phase contrast microscopy.  The HI 
type had a large number of sharply extended cell 
processes.  However, unlikely the HI type, the LI type 
did not dominantly show such processes, while 
adherence junctions were observed more in the LI type. 
Cell motility is a fundamental cellular process, 
necessary for embryonic development, angiogenesis, 
wound healing and immunoresponses, as well as 
pathological events associated with inflammation and 
cancer metastasis24.  Prior to cell chemotaxis, it was 
thought that a cell first extended a protrusion in the 
direction of movement25.  Once an extended protrusion 
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Fig. 3　Showing light-microscopic findings of the base surface of the Boyden Chamber after 
invasion assay by Giemsa stain.（A : HI type, B : LI type）
The HI type invaded more than the LI type, examined by microscope. Bar, 20μ m.
Fig. 4　Phase-contrast microscopy showing the morphological findings of the HI type（A）and LI 
type（B） .
The HI type and LI type cells were observed under a phase-contrast microscope, and apparent 
morphologic differences were found. Bar, 10μ m.
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Fig. 5　Confocal fluorescent microscopy showing the localization of actinin-4 and actin in the HI 
type（A, B and C）and LI type（D, E and F） . 
Double fluorescence of actinin-4 detected by NCC-Lu-632 mAb（A, D, red in C and red in F）and 
actin by phalloidin-conjugated Alexa 488（B, E, green in C and green in F）is shown. Bar, 10μ m.
Fig. 6　Confocal fluorescent microscopy showing the localization of actinin-1 and actin in the HI 
type（A, B and C）and LI type（D, E and F） . 
Double fluorescence of actinin-1 detected by BM75.2 mAb（A, D, red in C and red in F）and actin 
by phalloidin-conjugated Alexa 488（B, E, green in C and green in F）is shown. Bar, 10μ m.
is formed, cell movement can begin in the direction of 
movement.  Formation of directional protrusion is 
a tight mechanism that temporally and spatially 
regulates changes in focal adhesions and the actin/ 
myosin cytoskeleton26―29.  We focused on these processes 
for cancer cell motility, and actinin-4 was immu-
nostained with specific anti-antinin-4 monoclonal 
antibody, NCC-Lu-632.  A study by Honda et al has 
demonstrated that actinin-4 is involved in cell motility 
by binding to F-actin, and that actinin-4 was associated 
with cancer invasion.  In fact, it showed that subcellular 
distribution of actinin-4 predicted poor outcome in 
patients with breast cancer7.  In addition, Araki et al. 
showed that actinin-4 was preferentially involved in 
circular ruffling and macropinosocytosis in mouse 
macrophages30.  Recently not only cell motility but also 
the role as the gene responsible for familial focal 
glomerulosclerosis has been noted for actinin-412，14. 
The results revealed that the subcellular distribution of 
actinin-4 differed between the HI type and LI type.  It 
was scattered in the cytoplasm near the actin 
cytoskeleton and was concentrated at the extended cell 
processes.  We also examined the subcellular localiza-
tion of actinin-1 by a specific anti-actinin-1 monoclonal 
antibody, BM75.2.  Actinin-1 was mainly localized in 
focal adhesions and actin stress fibers.  The cytoplasmic 
distribution of actinin-4 was different between the HI 
type and LI type.  The different phenotypes of 
infiltration correlated with the morphology.  These data 
suggest the possibility that the difference in distribu-
tion of actinin-4 may influence the degree of cell 
motility for the HI type and LI type.  Protein-expressing 
levels of actinin-4 revealed no significant difference 
between the HI type and LI type.  These results 
indicate that, in the cells with high motility and 
infiltrating ability, the subcellular localization of 
actinin-4 may be important for cell motility, but not the 
total level of protein expression.  A study by Honda et al 
indicated an association between the cytoplasmic 
distribution and histopathological malignancy of breast 
cancer.  Therefore, although more detailed prospective 
clinical study is required, examination of the subcellu-
lar localization of actinin-4 may be useful in predicting 
the prognosis of patients with oral cancer.  Moreover the 
use of the two cell lines will allow the establishment of a 
model for investigation of metastatic potential, and 
analysis of such a model will help to clarify the 
metastatic mechanism.
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Fig. 7　Western blotting of actinin isoforms
Immunoblot analysis reveals that there is no difference in quantity of actinin isoforms in the HI type 
and LI type. 
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